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Recently, Hlinka and IshibashiB discussed the T5- 
anomalya in betaine calcium chloride dihydrate (BCCD) 
inside the fourfold modulated phase in the framework 
of the phenomenological Landau theory. This anomaly 
was interpreted as the signature of a phase transition 
from a high temperature phase with space group P2ica 
to a low temperature phase with_a different space group. 
The same authors also proposecu a modified DIFFOUR 
model for the description of a transition between two 
commensurate phases with the same modulation period. 

In the following, we want to comment on the short- 
comings of the proposed approach and discuss the T5- 
anomaly in the framework of a microscopical pseudo spin 
model based on a realistic description of BCCD in terms 
of symmetry- adapted local modes (SALMsp'El. 

BCCD is a unique material with more than twenty dif- 
ferent commensurately (C) and incommensurately (IC) 
modulated phases (for a recent review of the experimen- 
tal situation, see referenceS). The problems a Landau 
description of that material encounters are well-known: 
for every modulated phase a different free energy with dif- 
ferent coefficients is needed. A rather involved derivation 
of the theoretical temperature-pressure phase diagram of 
BCCD based on a phenomenological approach is given in 
referenceE. The Landau free energy discussed by Hlinka 
and Ishibashi is tailored for the description of a succes- 
sive ordering of two order parameters and does not take 
into account the different modulated phases. 

The main problem of the approach of Hlinka and 
Ishibashi is their hypothesis that the symmetry of the 
low-temperature fourfold phase differs fronx P2ica. In 
fact, recent neutron scattering investigationsia lead to the 
unambiguous conclusion that the space group of the four- 
fold phase at 100 K, i.e. below Tg « 115K,js P2ica, in 
accordance with earlier X-ray investigationsB. Thus, the 
starting argument of Hlinka and Ishibashi is in contra- 
diction to the experimental situation in BCCD. 

A microscopic model suitable for a class of uniaxially 
structurally modulated compounds can be derived as fol- 
lows. Due to the pseudo symmetry of half a lattice con- 
stant along c, BCCD can be considered to be built up 
of successive layers of half cells perpendicular to c. Ap- 
plying the method described in referenceo to BCCD, the 
symmetry-breaking atomic displacements occuring below 
the transition from the unmodulated high-temperature 
phase to the modulated phases are expanded in terms 
of a localized symmetry- adapted basis set; the respective 
coordinates (mode amplitudes) are projected onto two- 
valued pseudo spin variables leading to symmetry-based 



pseudo spin models. Every basis vector (SALM) de- 
scribes a collective displacement of all atoms in a half cell. 
One obtains two relevant SALMs for the front and two 
for the back half cell. Adequate superpositions of these 
describe C and IC structural modulations transforming 
according to the irreducible representations A2 and A3 of 
the group of the wave vector q = qc* . The pseudo spins 
T and a represent the signs of the amplitudes of the two 
relevant SALMs. Taking-the transformation properties of 
the SALMs into accounto, the Harailtonian of the Double 
Ising Spin (DIS) model is obtainecO. This model is char- 
acterized by the competition between symmetric r-r and 
a-a interactions on the one hand and an antisymmetric 
coupling between r and a on the other hand, which leads 
to frustration effects and hence to modulated structures. 

One interesting feature of the DIS model is the ex- 
istence of phase transitions between phases with eqija.! 
wave numbers but different pseudo spin configurationgli. 
The character of these 'internal' transitions has been in- 
vestigated by different methods: in mean field approxi- 
mation, with the mean field ttansfer matrix method, and 
in Monte Carlo simulationsli3. The structural changes 
at the 'internal' transitions are characterized by differ- 
ent strengths of harmonics in a Fourier analysis of the 
spatial modulation. In the case of the 'internal' transi- 
tion from the high temperature to the low temperature 
modification of the fourfold phase, the DIS model pre- 
dicts a discontinuous change of the first and third or- 
der harmonics (all other harmonics being zero) towards 
a more anharmonic structure with both modifications 
exhibiting the same space group symmetries. Neutron 
scattering studiesS revealed a strong third harmonic in 
the displacements described by the cr-profile, which is in 
good agreement with the structure of the low tempera- 
ture modification obtained from the DIS model. 

An interesting by-product of our model calculations is 
the tentative explanation of the seemingly contradictory 
observation of a more sinusoidal modulation by X-ray 
techniquesQ at T = 90K, which can be well described 
as the high temperature modification in the DIS model. 
Irradiation damage results in (positive) plastic strains, 
that shift the boundaries in the p-T-phase diagram to 
lower temperatures. In spite of the greater slope of the 
Ts-line, this shift-is stronger for T5 than for the other 
phase boundariesD. Thus, X-ray induced defects might 
have opened up a window for the observation of the high 
temperatur|e modification of the fourfold phase reported 
in referencea. The argumentation of Hlinka and Ishibashi 
concerning the defect infiuence on Ts is incomplete since 
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the shift of the other phase boundaries is disregarded. In 
a more detailed discussion along the lines given in section 
VIII of referenced, the different shifts of Ts and the other 
transition temperatures can be consistently explained by 
observing that the internal phase transitions in the DIS 
model exhibit a different sensitivity on small changes of 
the couplings (due to the defect-induced lattice distor- 
tion) than the other phase boundaries. 

The symmetry-based DIS model is suitable for the 
explanation even of detailed characteristics of complex 
modulated real systems. The Tg-anomaly in BCCD and 
its characteristic properties can be interpreted as a real- 
ization of the phase transitions between structures with 
the same wave number and symmetries but different 
atomic configurations: the respective phases differ signif- 
icantly in the amplitudes of the harmonics in a Fourier 
expansion of the displacements. The two experimentally 
determined structures agree fairly well with our calcu- 
lated data. 
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